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The charges of primary particles can be de*srmined as to sign by mea-
surirg azimuth asymmetry in the stratosphere near the magnotic equator. The
Presence of this asymmetry was proved by Johnson, Rossi, and Korff (1) in >
their study of the west-eamst azitmth asymmetry at sea level and on mountain
tops. However, no defipits conclusion resulied from these experiments on the
slgn bf primary particles and their nature since the particles reaching the
heasuring device in thesp experimenth were of secondary or even tertiary
derivation. In arder to decrease tie influsnce of gecondary processes upon
the azimuth asymetry, asymmetry must be msasured at bi,b altitudes where
Irimary cosmic radiation makes.up a gubstantisl percent of the total number '
of particles. Azimuth asymmetry in the stratospuere has been measured by b
Jekneon ail Barry (2). Tueir measursments revealed practically no azimuth
asymmetry at altitudes of 20-25 kilometers; it constituted 7 percent, whereas
it shoull have constituted 60 percent ‘of. all the primary particles has a pos-
itive charge, according to Johrson's calculations.

.

Johnson, fram his sxperiments in measuring azimuth asymetry at sea
level, concluded that all primary particlea are poaitively charged, l.e.,
are protons. The very awall azimuth asymetry observed 7 Johnson in the
stratonphere 1e' expi.dned in a mmber of works by the fact that secondary
particles do not retain the direction of primary particles. A. M. Kulilov's
{3) sxporimsuts, hovever, showed that the dispersion of secondary particles
is small and doss not Bven come Close to & value capable of deCreasing azimuth
aoympotry fram 60 to 7 percent. Thus, from Jotnson's and Barry'a experiments,
taken togethar with those of Kulikov, the conClusion follows that particles
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with neget..7e charge mske up a high percent of primary cosmic radiation.
Moreover, these particles cannot be electrons, eince S. M. VYernov's exper-
iwents (with collaborators) (4) showed that there 1s no noticeable number
of electrons in the composition of Primary particles. Consequently, ve
mst admit the existence of negative nonelectronic particles, 1.e., hypo-
thetical antiprotons. '

Thus, the gign of the charge of Pprimary cosmic particles remsined an
ungclved problsm. In order to solve thie problenm decisively, we devised a
‘apecisl instrument which was 1ifted to the stratcsphers in sourding balloons.
'he bagic part of-the instrument wap a toleacope inclined 60 degrees to the
vertical. The number of particles Counted by the telestope was tranamitted
by redic to & receiving point, where 1t was recorded in the sawe manner ag in
previous worke (4). Since the instrument suspenied in the sounling balloon
rotated in varicus directions during flight, it was necagsary tc maintain
the telsecvpe in & definite directicn alternately, saither east or west, in
order to measurs west-east asymmetry. This vas achieved by festening three
photoelementa firmly to the teleascope. The planes of two photoelements were
paraliel and placed so that sunlight could faill on only ons of the photo-~
elerants. Each of tl. photoelements was connectad - with the grid of ita
tube, whose plate circuit included & small relay. Whon, dwe to the rotation
of the unit, sunlight fell ox one of the Photoelements, the relay was
activitated, and ite contects Closed the circuit to & amall elsctric motor,
The electric motor turned the telesCope until the sunlight fell on nsither of a
the photoelements. The relay then opened the circuit to the motor and rotation
of the telescope stopped. In this fashion, a definite orientation of ths -
telescops with respect te the sun was maintained. A correction for the change
in the azimith of the sun was provided for with the aid of a smell time mecha- -
niem which turned the photoelements,

The accuracy with which the fixsd direction of ths telsscope was maintained
at ses levsl was ! 15 degrees, and must have been much greater in the strator.
sphere becauss of inCreased solar intensaity.

In eddition to the triple co*ncidences selected by the telescope, the
number of showers was also measured simultaneously in the unit. This number
! characterized the shover-forming properties of the radiation Ccoming from the
woet and east. The showers were registered by a four-coincidence circuit,
which was triggered for simultaneous Aischarge in counters 1, 2, and 3 of the
teleacope and one of the other counters.

The resoiving powpr (time) of the triple-coincidence circult vas 4 = _%.1076
seconds; the resolving power of the Tour-coincidence circuit was t = 3.10
sstonds; BRBvery gusdruple coincidencs was recorded on tape at the receiving
point.

Triple coincidences operated an electramagnetic indicetor with an arrow

¢n & dis¢ having contacts. When the slectromagnetic fndicator had counted a
definite number of pulses (90 1n the case of telescops without lesd amd 45 in
the case of a telescope with lead), the telescope was rotated through 180

*  degrees, 1.s, fram west to eamst or vice verge, and this position was maintained
in the manner described until the electramagnetic indicator had counted a
definite number of pulses, after which the telescope wes again rotated through
180 degreses, etc. An eudiofrequency corresponding to eath position of the
telescope was received at the retolving point; thus the time the telescope
stuyed in the west and east directions was fized at the receiving point.
This also made 1t possidle to determine whether the automatic device for main-
taining e definite tetoscope direction wag operating correctly.
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' CAzimuth asymmetry wes measured on board a Diesel-motor ship at geomagnetic
latitude &-10 degrees soubth., Five instruments were sent up, thres to measure
the asymmetry of total intensity and two with 8 centimeters of lead batween the
teleacope Counters to measure asymmetry of the hard component. The instrumente
operated normelly daring the flights, and the resulis obtelned in different
flights agreed well.

We cbtained Surves for total intensity of coemic rays, the points on the
curves being the avexages of three fl}lghta‘ The curves for intensity of the
herd camponent in west and east directions were shown gimilarly. The points
are the averages of two flighte. The amount of matter (thickness), in grams
per sguare centimeter, between the upper boundary of the atmosphers and the
balloon 1s placed slong the sbacissa, The curves whowed that x =% (2R, — Ng)
(N, + K.), pumely the ccefficient caaracterizing the ayimuth asyrmetry of the
total intensity, resches 45-50 percent at high altitudés. The arimath asymmetry e
of the hard componsnt reachss TO percent at high altituldes. The conslusion drawn . . "
from these measurements is that primary cosmic radiation conasiets of positively
charged particles. Moreover, the high asymmetry of the total intensity is an
indication of the comparatively smell loss: of direction bty the secondary pary -
ti0les. The absence of antiprotons in the coamposition of primary radfation is
espacially apparent from the high saymmtry of the hard component.

As was indicsted previously, these same instrlments alsc meseured with
respett to altiipdes ihe behavior of showers Caused by particles of the hard
ocomponent. The results obtained indicated a substantial difference in the
altitndinnl bhehavior of shovers near the gecmagnstic equator and at a latitude

of 50 degroes North.

Thus, our expariments established the high east-west asymmetry in the
stratosphers, which proves that the charge of primary particles is positive.
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